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ABSTRAK 
Widiawati Y, Rofiq MN, Tiesnamurti B. 2016. Pengaruh emisi gas metana untuk fermentasi enterik pada sapi potong 
menggunakan metode Tier-2 IPCC di Indonesia. JITV 21(2): 101-111. DOI: http://dx.doi.org/10.14334/jitv.v21i2.1358 
Gas metana dari enterik fermentasi termasuk ke dalam sub-kategori yang menjadi perhatian di sektor pertanian oleh 
UNFCCC. Oleh karena itu, Indonesia perlu mengembangkan faktor emisi (FE) untuk gas metana enterik dengan menggunakan 
metode Tier-2 sebagai FE spesifik negara.  Populasi sapi potong merupakan populasi terbesar diantara ternak ruminansia besar 
lainnya. Sehingga memberikan kontribusi gas metana enterik yang cukup signifikan diantara ternak lainnya. Tujuan dari 
kegiatan adalah untuk menentukan nilai FE metana enterik dari sapi potong dengan menggunakan metode Tier-2. Nilai FE ini 
selanjutnya digunakan untuk menghitung emisi metana enterik dari sapi potong di Indonesia. Data populasi sapi diambil dari 
BPS, data kandungan energi pakan, konsumi dan kecernaan pakan dikompilasi dari hasil analisa laboratorium dan data yang 
sudah dipublikasi. Sapi lokal mempunyai nilai FE yang berbeda diantara sub-kategori lainnya dan berkisar dari 18,18 sampai 
55,89 Kg CH4/ekor/tahun, dengan rata-rata 36,75 Kg/ekor/tahun. Nilai FE untuk sapi impor (25,49 kg CH4/ekor/tahun) lebih 
rendah daripada rata-rata sapi lokal. Secara keseluruhan, nilai FE nasional untuk sapi potong yang dihitung dengan metode Tier-
2 adalah 33,14 kg CH4/ekor/tahun lebih rendah dari default FE yang terdapat dalam buku IPCC 2006 untuk wilayah Asia (47 kg 
CH4/ekor/tahun). Kesimpulannya adalah bahwa nilai FE yang dihitung menggunakan metoda Tier-2 dengan menggunakan data 
lokal Indonesia lebih mendekati kondisi peternakan yang sebenarnya di Indonesia. Penelitian kedepan masih diperlukan terkait 
penentuan nilai FE untuk setiap bangsa sapi potong dan setiap system pemeliharaan yang sangat bervariasi diantara provinsi di 
Indonesia.  
Kata Kunci: Faktor Emisi Metana, Fermentasi Enterik, Sapi Potong, Tier-2 IPCC 
ABSTRACT 
Widiawati Y, Rofiq MN, Tiesnamurti B.  2016. Methane emission factors for enteric fermentation in beef cattle using IPCC Tier-
2 method in Indonesia. JITV 21(2): 101-111. DOI: http://dx.doi.org/10.14334/jitv.v21i2.1358 
Methane emission from enteric is a sub-category considered under the Agriculture sector greenhouse gas emissions by 
UNFCCC. Thus Indonesia developed calculation on enteric CH4 EF for ruminant using Tier-2 method as country-specific 
emission factors (EF). Indonesia has huge amount of beef cattle population, which contributes significant amount to national 
enteric methane emission. The aim of this study was to estimate enteric methane EF for beef cattle in Indonesia using IPCC Tier-
2 method.  The EF generated from this study is then used to estimate the methane emitted from beef cattle. Data on beef cattle 
population was obtained from CSA, data on energy content of feed, feed intake and digestibility were compiled from laboratory 
analysis and published paper. Equations were adopted and followed the instruction of IPCC 2006. Local cattle has different CH4 
EF among each sub-category, which are  ranging from 18.18 to 55.89 Kg head-1 yr-1, with the average of 36.75  head-1 yr-1. 
Imported beef cattle has lower  CH4 EF (25.49 kg head-1 yr-1) than the average for local beef cattle. Overall, the national CH4 
EF of beef cattle calculated by using IPCC Tier-2 method in Indonesia is 33.14 head-1 yr-1. The value is lower than default EF 
from IPCC for Asia country (47 kg head-1 yr-1). The conclussion is enteric CH4 EF for beef cattle in Indonesia calculated using 
Tier-2 method shows the real livestock system in Indonesia condition. Further researchs needed to be addressed are calculation 
of EFs for various  breeds and feeding systems, since large variations of breeds and types of feed among provinces in Indonesia. 
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INTRODUCTION 
Methane (CH4) is one of greenhouse gasses (GHG) 
produced from anthropogenic activities, including from 
livestock activity. Other GHG  are dinitrooxide (N2O), 
carbon dioxide (CO2) and chlorofluorocarbon (CFC) 
(Gerber et al. 2013). Among other gasses, CH4`is the 
second to CO2 in term of its contribution to climate 
change (Lassey 2007). In year 2012, the  total GHG 
emission from Indonesia becomes 1,453,957 Gg CO2-e  
or increased by 45% from the GHG emission in year 
2000.  Agricultural sector is contribute for only 7.8%, 
after contribution of energy (34.9%) for national GHG.  
Contribution of GHG from livestock to agriculture 
sector is accounted for about 27,465 Gg CO2-e or 24.4 
%, including CH4, CO2 and N2O from enteric 
fermentation and manure management by Ministry of 
Environment. Among the livestocks, ruminant 
contributes for about 94% and non ruminant contributes 
for about 6% of CH4 emitted to the atmosfer. In 
ruminant group, beef cattle is the larger contributor 
(69.41%) due to the large population and body size.   
Methane is a trace gasses that formed during rumen 
fermentation process of feed (Rong-Zhen et al. 2016). 
Conversion of feed materials into CH4 in the rumen 
involves the integration of several species of 
microorganisms ended metanogenesis bacterial activity. 
The main microorganisms in the rumen perform 
hydrolysis of proteins, carbohydrates, and polymer 
plant cell walls into acidic amino acids and simple 
sugars. The products are fermented into Volatile Fatty 
Acid (VFA), and hydrogen (H2) as the secondary 
products of rumen microorganisms in the digestive 
system. The main components of VFA are acetic, 
propionic and butyric acid. These acids are absorbed 
and used by ruminants as sources of energy for their 
productivity. Other secondary products (H2) are then 
converted to CH4 in the present of CO2. The amount of 
CH4 formed during rumen fermentation depend on feed 
quality (energy dan fibre content) and the level of 
intake. Increasing in dietary intake followed by nutrient 
intake will affect rumen environment as well as 
digestibility of the diet, and therefore CH4 produced 
(Hammond et al. 2013; Gregorini et al. 2010; Dijkstra 
et al. 2011).  
Due to its contribution to the global warming, it is 
necessary to mitigate CH4 production during rumen 
fermentation of feed. The effectiveness of selection on 
the mitigation technique to reduce CH4 emission from 
enteric fermentation significantly depend on the 
accuracy of country-specific national GHG inventories 
that can be used as bench mark for the initial value of 
CH4 emission. However, the previous review of 
national GHG inventory in Indonesia was calculated by 
using Tier-1 method of IPCC. In this method, GHG 
emission was calculated by multiplied livestock 
population with emission factor (EF). The EF values 
used in the calculation were the default EF suggested by 
IPCC for Asia countries. The GHG emission estimated 
by using Tier-1 method shows high uncertainties 
largely caused by gaps in activity data and the use of 
IPCC default EFs that did not reflect a real condition of 
Indonesia’s livestock (Widiawati 2013). 
Estimation of CH4 emission from livestock has been 
directed by a guideline published by The 
Intergovernmental Panel for Climate Change (IPCC) 
since 1996 and renewed in year 2006 (IPCC 2006). 
There are three Tiers methods are provided in IPCC 
guidelines book, which can be used to estimate methane 
emitted from livestock. They are Tier-1, Tier-2 and 
Tier-3 methods. Tier-1 is the basic method, Tier-2 is an 
intermediate method and Tier-3 is the most demanding 
in terms of complexity and data requirements. Tiers-2 
and Tier-3 methods are referred to higher Tier method 
and generally considered to be more accurate. The three 
methods require some factors, such as value of EF, 
livestock sub-categories based on their level 
productions, and annual livestocks population. When 
higher levels of methods (Tier-2 and Tier-3) are used, 
data on feed intake and feed quality are required.  These 
methods suggested by IPCC, represent as Tier method, 
have a level of methodological complexity. Selection of 
Tier method used to estimate CH4 emission is depend 
on some factors. When the enteric fermentation from 
ruminant in the country becomes a key-catagory, the 
Tier-2 method must be used. According to the Key-
Category Analysis (KCA) from IPCC (2006), enteric 
fermentation is one of categories that take priority in 
GHG inventory because of the large 
emission/absorption has a major influence on the total 
of GHG inventory. Moreover, beef cattle in Indonesia is 
a species that contribute the highest amount of CH4 
among other ruminant species (Widiawati 2013), thus it 
becomes a key-category. Therefore estimation of 
methane emitted from beef cattle must use Tier-2 or 
Tier-3 methods. 
In Indonesia, available data in beef cattle is enough 
to decide the using of Tier-2 method, where the data on 
sub-category of beef cattle, feeding situation 
information, feed intake and feed quality for beef cattle 
could become a Category Key in enteric CH4 emissions 
when using Tier-2 method. Other requirements in Tier-
2 method are data enrichment characteristics of 
livestock, feed intake and energy consumption. When 
Tier-2 method is used to estimates methane emitted 
from livestock, the EF value used in the method must 
use a country specific EF value. Therefore the main 
objective of this study is to develop country specific EF 
for CH4 from enteric fermentation of beef cattle. This 
EF is then used to estimate the methane emitted from 
beef cattle in Indonesia by using Tier-2 method. 
Estimation of national methane emitted from beef cattle 
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is required to identify contribution of livestock to 
nasional GHG emission.  
MATERIALS AND METHODS 
To develope country specifis EF values required in 
Tier-2 method, some factors are required. They are 
livestock population based on the level production (sub-
categories), live weight, feed intake, and energy content 
of the feed. Beef cattle population in Indonesia is 
divided into five sub-categories based on the level 
production of the animals. Data collection and analysis 
to develope EF values were undertaken by follows 
some steps as outlined in IPCC Tier-2 method (Figure 
1).  
Characterization of beef cattle population and 
performance data subcategories 
Data on beef cattle population was collected from 
Statistics Indonesia (CSA 2015) as the Central agency 
on statistic in Indonesia. Beef cattle sub-categories 
based on production levels were collected from 
Directorate General of Livestock and Animal Health 
(DGLAH 2015), Ministry of Agriculture. Data from 
CSA is published census data that have associated 
uncertainty estimates with variety within ±20%. 
Population of beef cattle included in the calculation was 
data from 2006 to 2014.  
 
 
 
*LBW: Live body weight 
**Feeding situation: Description of the extent to which cattle are stall fed, grazed or pastured 
over large geographical areas (IPCC 2006). This information is required to estimate the 
net energy expended by the animal during the acquisition of feed 
Figure 1. Flow chart of methodology used for enteric methane EF estimate: IPCC (2006). 
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Compiled data were summarized by the two origin 
of local beef cattle and imported beef cattle. Local 
origin beef cattle production, which has more variation 
of live weight, was categorized by four sub-categories, 
namely weaning (0-1 year), yearling (1-2 years), young 
(2-4 years) and mature (more than 4 years). Imported 
beef cattle has short time living in Indonesia because of 
industrial meat production (aprroximately 120 days). 
Therefore, imported beef cattle was separated from 
local beef cattle as one of sub-category. Due to 
differences in the live weight for each sub-category, 
therefore each sub-category of beef cattle requires 
different value of EF. The sub-categories of beef cattle 
in Indonesia and composition of each sub-cetagory in 
total population are presented in Table 1. 
Feeding situation and farming system for beef cattle 
in Indonesia 
Data related to description of feed ingredients, 
consumption/intake, and gross energy value of feed 
ingredients was compiled from national scientific 
report, laboratory analysis and published papers. 
Animal’s feeding situation is required to estimate the 
net energy expended by the animal during the 
acquisition of feed (IPCC 2006). Indonesia has many 
variations of feeding systems, which are depend on 
geographical areas and climate. Indonesia is 
archipelago country with 5 big islands from western to 
eastern part of Indonesia. Each part is determined by 
some agroecosystem zones.  
The feeding situations of beef cattle are defined by 
analyzing farming system and feeding practices. In 
Indonesia, the farming systems for beef cattle are 
defined to intensive, semi intensive and extensive 
farming system, which are corresponded to feeding 
input and production. Most of small holder farmers 
apply intensive  and semi intensive traditional farming 
systems, which are implement grass, native grass and 
agricultural by-product or crop-residues as sources of 
feed for beef cattle. While in intensive farming system 
as adopted by industrial farming, total mixed ration and 
concentrated feed are used to fed the imported beef 
cattle. Therefore, in the present study, the intensive 
feeding system is selected as the most representative for 
the major farming system in Indonesia.  
Feed ingredients for local beef cattle are divided 
into three part, namely protein, energy and fibre source 
feeds. Fibre source feed includes cultivation grass, 
native grass, agricultural by-product such as rice straw, 
corn straw, oil palm leaves, sugar cane top. While 
energy source feed inlcludes rice brand, ground nut 
shell, palm kernel meal, pineaple processing waste, 
cassava industrial. Meanwhile for protein source feed 
includes legume leaves, cassava leaves. Industrial 
farming of beef cattle (feedlot) mostly uses total mixed 
ration to fed the animals (concentrate+fiber source 
feeds). 
Feed and gross energy intake 
Daily feed intake for each livestock sub-category 
was calculated based on dry matter intake (kg/day) and 
gross energy intake (MJ/day). Dry matter intake and 
digestibility of feed for each livestock sub-category, 
live weight of animals for each sub-category were 
collected from result of researchs and from published 
paper (Nurhayu et al. 2010; Nurhayu et al. 2011; 
Mathius 2010; Ratna et al. 2013; Soeharsono et al. 
2010; Widyaningrum et al. 2013; Koddang 2008; 
Nugroho et al. 2015). Due to the large variations of feed 
available and offered to the animals in all provinces of 
Indonesia, the feeds were grouped into 5 types of feed 
for beef cattle sub-categories. The gross energy content 
of each type of feed was calculated from the average of 
laboratory analysis (Table 2). 
Table 1. Sub-categories of beef cattle in Indonesia based on production level, live weight and each composition in the population 
Sub-categories/age  Average live weight (kg)  Composition in total population (%)* 
Weaning (0-1 year) 100 19.30 
Yearling (1-2 year) 200 25.85 
Young (2-4 year) 250 18.15 
Mature (>4 year) 400 26.89 
Imported (fattening) 350 9.81 
*Source: DGLAH (2015) 
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Table 2. Type of feed and gross energy content used in the calculation  
Type of feeds Gross energy (MJ/kg DM) 
Grass  17.4±0.540 
Agricultural/plantation by-product 15.5±0.804 
Leguminouse leaves 19.7±0.786 
Grain/concentrate 20.2±0.754 
Complete feed/commercial feed 18.9±0.886 
Sources: Laboratory analyses 
Developing enteric CH4 EFs 
Emision factor (EF) for enteric CH4 fermentation 
was developed for each livestock sub-category based on 
gross energy intake. According to the guideline book of 
IPCC (2006), the equations to determine EFs for each 
sub-category spesific for Indonesia are: 
Local beef cattle:  
EF = (GEI x (Ym/100) x 365)/55.65 
Imported beef cattle:  
EF = (GEI x (Ym/100) x 120)/55.65 
In this equation, EF is the emission factor (kg CH4 
head-1 yr-1), GEI is gross energy intake (MJ head-1 
day-1), Ym is CH4 conversion factor (%) of GEI in feed 
that is converted to CH4, factor 55.65 (MJ/kg CH4) is 
the energy content of methane (IPCC 2006). It is 
assumed that the EF was calculated for 365 days for 
local beef cattle for all sub-category, and only 120 days 
for imported beed cattle that going to feedlot system.  
The CH4 conversion factor (Ym) specific for 
Indonesia is still not available for all type of feeds. 
Therefore the Ym used is from default factor of IPCC 
(2006). A Ym of 3.0%±1.0% was used for imported 
beef cattle because concentrated feed are offered more 
than 90%. While, a Ym of 6.5%±1.0% was used for 
local beef cattle in Indonesia because the feed types 
primarily fed to the animals are low quality crop 
residues and by-products (rice brand, palm kernel meal, 
corn straw, rice straw, and others). The EF developed 
for local beef cattle was over a year (365 days), while 
for imported cattle was one periode of fedlot (120 
days). Gross energy intake is filled in by real data for 
each livestock sub-category. The factor of 55.65 (MJ/kg 
CH4) is the constanta indicates the energy content of the 
methane (IPCC 2006).  
CH4 emission from beef cattle 
Once the EF values specific for Indonesia for all 
sub-categories of beef cattle were developed, they were 
used to estimate CH4 emitted from beef cattle. 
Calculation of emission CH4 from enteric fermentation 
from beef cattle in Indonesia is based on the beef cattle 
population or each sub-category and the value of EF 
specific for Indonesia, by using equation: 
CH4 emission = EF (T) x (N (T) /106) x 21/1000 
In this equation, CH4 emission is CH4 emitted from 
enteric fermentation (Gg CO2-e/year), EF(T) is the 
emission factor for each sub-category of beef cattle (kg 
CH4/head/year). The values of EF used are resulted 
from the calculation reported in this paper, N(T) is the 
population of beef cattle for each sub-category T in 
Indonesia (head), T is sub-category of beef cattle in 
Indonesia, 21/1000 is the convertion factor from CH4 to 
CO2-e (IPCC 2006). Population of beef cattle in each 
sub-category since year 2006 to 2014 is presented in  
Table 3. 
Table 3. Population of beef cattle based on sub-category since 2016 to 2014 
Sub-category 
Population (x 000) (heads) 
2006 2007 2008 2009 2010 2011 2012 2013 2014 
Weaning  (0-1 year) 2,099 2,222 2,366 2,463 2,621 2,861 3,084 2,448 2,842 
Yearling  (1-2 year) 2,811 2,977 3,168 3,298 3,511 3,832 4,131 3,279 3,807 
Young  (2-4 year) 1,974 2,090 2,225 2,316 2,465 2,691 2,900 2,303 2,673 
Mature  (>4 year) 2,924 3,096 3,296 3,431 3,652 3,986 4,297 3,411 3,960 
Imported  1,067 1,130 1,202 1,252 1,332 1,454 1,568 1,245 1,445 
Total 10,875 11,515 12,257 12,760 13,582 14,824 15,981 12,686 14,727 
Sources: CSA (2015) and DGLAH (2015) 
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RESULT AND DISCUSSION 
The values of EF for beef cattle in Indonesia 
Methane EFs for all sub-categories of beef cattle 
calculated based on local data of gross energy intake are 
presented in Table 4. 
Overall, enteric CH4 EF for beef cattle in Indonesia 
is 33.14 kg/head/year. The value is averaging from the 
EF value of all sub-categories and their composition in 
the population. Imported cattle has CH4 EF (25.49 
kg/head/year) lower than local beef cattle due to short 
periode living in a year. The imported cattle also fed by 
high quality feed with more than 85% of concentrate in 
their ration in the form of complete feed. Live weight of 
cattle becomes a consideration on the amount of 
concentrate offered to the animals. In the first month of 
fattening period, the cattle were fed with lower level of 
concentrate (70-80% of total daily ration) than the cattle 
in the last period of fattening. The amount of 
concentrate offered was increased up to 90% as the 
body weight of cattle increased during the last month of 
fattening period. The fiber contained in the complete 
feed was lower than in convensional mixed feed (grass 
+ legume + concentrate) fed to most of local beef cattle. 
In ruminant metabolism, dietary fiber is responsible for 
producing free H gas in the rumen. The free H is then 
used for CH4 gas formation in the rumen.  
The average enteric CH4 EF for local beef cattle was 
36.75 kg/head/year, due to the variation of feeds 
consumed (grass, agricultural waste and small amount 
concentrated feed) by the cattle. Because of the 
limmitation on the data available in the country for the 
methane conversion factor (Ym), therefore, calculation 
of EF values for the beef cattle in Indonesia used the 
Ym value as stated in the IPCC (2006). The Ym values 
available in the guideline are 3.0%±1%, for ration 
which is consisted of >90% concentrate, and 6.5%±1% 
for the ration that is consisted of high fibre diet. Local 
beef cattle in Indonesia mostly maintains in traditional 
farming system, where the feed offered consisted of 
64.34% of forage and 35.66% of concentrate. With 
those such feed type, the Ym value used for the ration 
offered to local beef cattle is assumed to be closed to 
6.5%±1%, according to the IPCC guideline. Imported 
beef cattle in fedlot system were fed by complete feed, 
which contains materials as sources of fibre and 
concentrate. With the variation of concentrate levels in 
the complete feed offered to the cattle at different time 
of fattening, the Ym value used in the calculation was 
3%±1%, with the assumption that the value is fit with 
the type of feed offered to the imported cattle in fedlot 
system.  
Local beef cattle in Indonesia was sub-categorized 
by age of animal, which determines their level of 
production. The proportion of mature local beef cattle 
(>2 years) is the highest (>50%) among other sub-
categories, while the proportion of imported beef cattle 
is only 9.81%. With this such proportion, therefore, the 
EF value of all beef cattle in Indonesia would be more 
affected by local beef cattle than imported beef cattle.  
Comparison of enteric CH4 EF among some 
countries and default factor from IPCC (2006) are 
presented in Table 5.  
There is a different value of enteric CH4 EF  
between the default factor from IPCC (2006) and local 
Indonesia EF calculated by using Tier-2 method. On the 
whole, the enteric EF for all sub-categories of beef 
cattle in Indonesia (weaning, yearling, young, mature 
and imported) generated from this study (Table 4) are 
lower than the EF value from IPCC (2006). The Enteric 
CH4 EF for beef cattle in Indonesia calculated using 
Tier-2 method is 36.75% lower than IPCC default 
factor for Tier-1 for Asia countries (IPCC 2006). In 
general, the differences indicated between enteric CH4 
EF generated by the present study and default enteric 
CH4 EF from IPCC might be attributed to demographic 
profile and animal’s growth performance data, in 
particular live weight and feeding system including the 
type of feed (IPCC 2006, annex 10A.1, Table 10A.2). 
Table 4. Calculated gross energy intake (MJ/head/day) and enteric CH4 EF (kg/head/year) for each sub-category of beef cattle in 
Indonesia 
Sub-category 
GEI*  
(MJ/head/day) 
CH4 EF 
(kg/head/year) 
All beef cattle** 
(CH4 EF kg/head/year) 
Weaning (0-1 year) female + male 42.65±0.998 18.18±0.426  
Yearling (1-2 year) female + male 63.75±0.893 27.18±0.381  
Young (2-4 year) female + male 97.98±1.112 41.77±0.474 33.14±0.757 
Mature (>4 year) female + male 131.11±4.632 55.89±1.975  
Imported (fattening) male 394.00±8.167 25.49±0.528  
* Calculated from daily feed intake and gross energy contents of the feeds 
** Calculated based on the composition of each sub-category in the population 
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Table 5. Comparison between enteric CH4 EF for Indonesia, default factor IPCC and other countries 
Indonesia IPCC (2006) Other countries 
Tier-2  
Local cattle = 36.75 
Imported cattle (Fedlot) = 25.49 
All beef cattle  = 33.14 
Tier-1e 
Other cattle (non dairy cattle ) 
for Asia region = 47 
Tier-2 for beef cattle 
Benina : = 39.5 
Chinab : MFFc     =  48.3 
MMF c   =  57.5 
Young   =  31.2 
Fedlot  = 33.1a 
Malaysiad  = 41.33 
a) Kouazounde et al. 2015 
b) USEPA (1994) 
c) MFF : mature female farming;  MMF: mature male farming 
d) Hatton et al. 2013 
e) IPCC (2006) 
The lower enteric CH4 EF of Indonesian beef cattle 
compared to IPCC default factor is suggested due to 
lower beef cattle live weight for each sub-category. For 
example, the live weight of mature beef cattle in 
Indonesia is averaged for about 400 kg (Widyaningrum 
et al. 2013), while the weight of animal for the same 
sub-category in IPCC guideline (2006) is 450 kg. The 
weight of imported beef cattle going to fedlot industry 
in Indonesia is averaged for about 350 kg, while in the 
IPCC guideline (2006), the weight of cattle in fedlot is 
415 kg. 
The default EF values suggested by IPCC guideline 
(2006) for Asia were averaged from many researchs in 
many Asia countries. Meanwhile, the EFs generated 
from this study includes a correction factor related to 
population sub-categorizing and different gross energy 
intake, which also separation between imported cattle 
and local cattle. The reduction value of CH4 EF is about 
21.8085% when the method was changing from Tier-1 
(47 kg CH4/head/year, according to IPCC 2006) to 
Tier-2 (36.75 kg CH4/head/year, generated from this 
study) for local beef cattle. The default value of EF for 
non dairy cattle (other cattle) in Asia region using Tier-
1 as suggested by IPCC guideline (2006) is 47 kg 
CH4/head/year, which is explained as small 
commercialised dairy sector.  
The default EF for other cattle in the region of Asia 
with sub category mature (female and male) and 
maintain in stall fed is 50-59 kg CH4/head/year (Tier-2, 
Table 10.A.2; page 10.74, IPCC 2006). The EF value 
for mature (female and male) for local beef cattle 
presented in this paper is 55.89 kg CH4 head-1 year-1, 
which is still in the range of the default EFs IPCC. 
Althought there are some differences of the sub 
category between the two group. In Indonesia, the 
animal’s weight for sub category of mature beef cattle 
is in the range of 400-450 kg, while the mature sub 
category in the IPCC has live weight of 350 up to  
450 kg.  
Moreover, the EF value for sub-category young 
cattle, which is maintain in pasture system, is 36 kg 
CH4/head/year (Table 10.A.2; page 10.74, IPCC 2006). 
This EF value is lower than the value of EF presented in 
this paper for sub-category young maintained in stall 
fed system (41.77 kg CH4/head/year). According to the 
live weigh of animals, the sub-category young in the 
IPCC guideline (Table 10.A.2; page 10.74) has live 
weigh of 200 kg. This live weight is similar with the 
weight of animals in sub category yearling (200 kg), 
with the EF value is 27.18 kg CH4/head/year. Thus the 
sub-category of young in the IPCC is similar with the 
sub-category yearling in local beef cattle presented in 
this paper.  
The EF value for beef cattle also is 6.962% lower 
than the EF value for beef cattle in Benin (Kouazounde 
et al. 2015) and 19.5137 % lower than those EF in 
China (USEPA 1994). Even with Malaysia, the 
neighbor country with Indonesia, the local enteric CH4 
EF is 22.94% less than those of EFs for Malaysia ‘s 
cattle (Hatton et al. 2013). Each country has local 
specific type of feeds and type of beef cattle breed, 
which then produce different enteric CH4 profile. Since 
CH4 is formed during feed fermentation in the rumen, 
thus differences in the type of feed consumed by the 
animals would result in different CH4 production. 
Differences between the value of EF in Indonesia and 
other countries could be related to differences in the 
population sub-category and feeding situation. Hence, 
the estimation of enteric CH4 EF is country specific 
factor, which is always changing to suit with any 
upgrading data as key factors in calculation. The study 
reveals the national average EF for beef cattle from 
Indonesia is consistent with other reports for other cattle 
from Asia being lower than this author finding because 
of upgrading method of calculation from Tier-1 to Tier-
2 methods.  
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Estimation of methane emission from beef cattle by 
using Tier-2 method 
Enteric CH4 EF from beef cattle in Indonesia 
generated from this study is then used to estimate total 
emission of  enteric CH4 from beef cattle. The 
calculation used beef cattle population as shown in 
Table 3 and the value of EF generated from this study 
as presented in Table 4. The results of those calculation 
are presented in Table 6. 
The total enteric CH4 emission from beef cattle 
increases 4.41.% per year from 2006-2014 due to 
increasing in population of beef cattle in Indonesia. 
However, there is a decreasing in the enteric CH4 
emission from beef cattle in 2012 to 2013. This 
reduction is due to a decreasing in beef cattle 
population as a result of government’s policy about 
limitation in importing the beef cattle. In the other side, 
the local beef cattle population also decreased at the 
time because there is an increasing in animal protein 
consumption (CSA 2015). However, the trend of CH4 
emission increases year by year (Figure 2) as a result of 
an increasing in the population of beef cattle.  
Imported cattle, which represents the fedlot 
industry, only contributes for about 7.85% of total 
enteric CH4 emission from beef cattle, due to their small 
population compared to the local beef cattle. Other 
reason is the imported beef cattle uses good quality feed 
(high concentrate fed) which produces low methane per 
unit dry matter of feed digested (Migwi et al. 2011a; 
Migwi et al. 2011b; Pedreira et al. 2013; Beauchemin & 
McGinn 2005). 
There is a different value on the national enteric 
CH4 emission from beef cattle when they are calculated 
by using local EF generated from this study (Tier-2 
method) compared to those were calculated by using 
default EF from IPCC (Tier-1 method). The 
comparisson of methane emission from beef cattle 
calculated by using Tier-1 method (Widiawati 2013) 
with those calculated by using Tier-2 method generated 
from this study is shown in Figure 3. There is a 
reduction in the national CH4 emission from beef cattle 
by 32.2% up to 45.5% when they are calculated by 
using Tier-2 method, during the period of year 2006 to 
year 2014. 
Table 6. Estimation of enteric CH4 emission from  beef cattle in Indonesia from 2006 to 2014 calculated by using Tier-2 method  
Sub-category 
Methane from enteric fermentation (Gg CO2-e/year) 
2006 2007 2008 2009 2010 2011 2012 2013 2014 
Weaning (0-1 year) 0.801 0.849 0.903 0.940 1.001 1.093 1.178 0.935 1.085 
Yearling (1-2 year) 1.604 1.699 1.808 1.883 2.004 2.187 2.358 1.872 2.173 
Young (2-4 year) 1.732 1.833 1.951 2.032 2.162 2.360 2.544 2.020 2.345 
Mature (>4 year) 3.432 3.634 3.868 4.028 4.287 4.679 5.044 4.0043 3.474 
Imported (fattening) 0.571 0.605 0.644 0.670 0.713 0.778 0.839 0.666 0.773 
Total  7.274 7.702 8.198 8.534 9.084 9.915 10.689 8.485 9.850 
 
 
Figure 2. The trend of enteric CH4 emission from beef cattle in Indonesia since year 2006 to year 2014, calculated by using  
Tier-2 method. 
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Figure 3. The comparison between national enteric CH4 emission from beef cattle calculated by using Tier-1 and Tier-2 methods. 
 
Reduction of enteric CH4 emission from beef cattle 
occured when the calculation was changed from Tier-1 
to Tier-2 method. In Tier-2 method, simple 
technologies in feeding management have been 
addressed. Most of the feeding managements adopted 
by farmers are supplementation of feed, by using 
leguminous leaves or concentrate. These two types of 
feed supplement increase the quality of basal feed, 
which also have indirect effect on mitigate the 
production of CH4 during rumen fermentation (Martin 
et al. 2010; Cottle et al. 2011; Patra 2012; Jayanegara et 
al. 2009; Jayanegara et al. 2011; Holtshausen et al. 
2009). 
The national average EF for beef cattle generated 
from this study is representing the EF for all beef cattle 
in all provinces of Indonesia. The application of the 
Tier-2 method suggested in IPCC (2006) to Indonesian 
conditions illustrates the challenges in developing 
country-specific EFs stemming from lack of data within 
provinces in Indonesia, where the type of feeds are 
vary. It is also become a further challange since there is  
a variation of beef cattle breed among the Indonesia 
regions. Further research therefore should focus on the 
estimation of uncertainties in Tier-2 inputs. The 
calculation must be further developed for different 
breed of beef cattle as well as different feeding systems 
(intensive, extensive, pasture).  
CONCLUSION 
The value of EF for all Indonesia’s beef cattle 
calculated by using Tier-2 method is 33.14 kg 
CH4/head/year. The value is lower than the default EF 
suggested by IPCC for Asia country (47 kg 
CH4/head/year). The national methane emission from 
beef cattle estimated by using Indonesia’s EF for beef 
cattle is lower than those estimated by using EF value 
suggested by IPCC (Tier-1 method). The EF value 
generated from this study represents the Indonesia’s 
specific livestock system.  
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